Skilled birth attendant (SBA) utilization is low in remote and rural areas of Nepal. We designed and implemented an evaluation to assess the effectiveness of a five-component intervention that addressed previously identified barriers to SBA services in mid-and far-western Nepal. We randomly and equally allocated 36 village development committees with low SBA utilization among 1-year intervention and control groups. The eligible participants for the survey were women that had delivered a baby within the past 12 months preceding the survey. Implementation was administered by trained health volunteers, youth groups, mothers' groups and health facility management committee members. Post-intervention, we used difference-in-differences and mixed-effects regression models to assess and analyse any increase in the utilization of skilled birth care and antenatal care (ANC) services. All analyses were done by intention to treat. Our trial registration number was ISRCTN78892490 (http://www.isrctn.com/ISRCTN78892490). Interviewees included 1746 and 2098 eligible women in the intervention and control groups, respectively. The 1-year intervention was effective in increasing the use of skilled birth care services (OR ¼ 1.57; CI 1.19-2.08); however, the intervention had no effect on the utilization of ANC services. Expanding the intervention with modifications, e.g. mobilizing more active and stable community groups, ensuring adequate human resources and improving quality of services as well as longer or repeated interventions will help achieve greater effect in increasing the utilization of SBA.
Background
Maternal deaths and disabilities are leading contributors to women's burden of disease and maternal conditions are the second leading cause of death among women of reproductive age (Koblinsky et al. 2012) . In 2015, the maternal mortality was 216 deaths per 100 000 live births which is 44% lower than in 1990 with 385 maternal deaths per 100 000 live births (WHO 2015) . This global achievement is below the Millennium Development Goal (MDG) target of a 75% reduction of maternal deaths from the 1990 level (The Lancet 2016). Indeed, 303 000 women die every year worldwide due to complications of pregnancy and childbirth (WHO 2015) . Almost all, i.e. 99.7% maternal deaths, occur in developing regions where the risk of pregnancy-related death is 20 times higher compared to developed regions (WHO 2015) . The sub-Saharan Africa region accounts for 66.3% of global maternal deaths, followed by Southern Asia with 21.8% (WHO 2015) . Furthermore, maternal mortality reveals wide gaps between rich and poor both between and within countries (WHO 2015) .
Coverage gaps in maternal and newborn health care occur mostly in low-income countries and within countries populated by the most vulnerable, i.e. the poorest and least educated (Barros et al. 2012; Ruhago et al. 2012) . Skilled birth care and antenatal care (ANC) are two important components of the services provided by skilled birth attendants (SBAs). In mid-and far-western Nepal, the main barriers to SBA service utilization include distance and inadequate transport to a health facility, inadequate awareness of the importance of skilled birth care, women's lack of knowledge of pregnancy danger signs, poor economic status of the family, fewer than four ANC visits and SBA security (Choulagai et al. 2013; Onta et al. 2014) .
The MDGs targeted the reduction of maternal mortality by three-fourth of the 1990 level, and use of SBA services as a means to achieve such reduction (United Nations 2011). Although Nepal's maternal mortality ratio (MMR) decreased from 901 maternal deaths per 100 000 live births in 1990 to 258 in 2015 (WHO 2015) , the Sustainable Development Goals (SDG) adopted by the United Nations General Assembly on 25 September 2015 established new targets for Nepal, i.e. MMR 70 per 100 000 live births and 90% SBA-assisted births (National Planning Commission 2015; Wikipedia 2016) . Achieving those targets and reducing barriers to SBA service utilization will require further effort.
For women with no evidence of pregnancy-related complications, the 2016 WHO ANC model recommends a minimum of eight ANC contacts. The first contact is scheduled to take place up to 12 weeks of gestation in the first trimester, two contacts in the second trimester (weeks 20 and 26) and five contacts in the third trimester (weeks 30, 34, 36, 38 and 40) (WHO 2016) . During ANC visits, SBAs inform women about the advantages of SBA-assisted childbirth and also about the danger signs of pregnancy, thus enabling them to recognize early symptoms and seek medical attention.
To increase SBA utilization, the government introduced a National Policy on SBAs in 2006 (Family Health Division 2006 under the broader framework of the Safe Motherhood Policy, 1998 (Family Health Division 1998 . The SBA policy aims to reduce maternal and newborn morbidity and mortality by ensuring availability, access and utilization of SBA services. To minimize financial barriers to SBA service utilization, the government also introduced a Maternity Incentive Scheme (Ministry of Health and Population 2005), later named the Safe Delivery Incentive Program. In this scheme, women in the mountain, hill, and Terai regions receive a transportation incentive of Nepalese Rupees (NRP) 1500, 1000 and 500 (1 US$¼ NRP 107 in Mar 2017), respectively, for each birth conducted at a health facility and an additional NRP 400 to each woman who completes four ANC visits. These health care policies and programs helped increase SBA utilization from 10. 1% in 1996 (New Era 1996 ) to 36% in 2011 (New Era 2012 .
Despite an incremental increase in skilled birth care (36% in 2011 vs 10.1% in 1996) (New Era 1996 , progress across the administrative regions of Nepal remains unequal. In 2011, SBA utilization in mid-and far-western Nepal was 28.7 and 30.7%, respectively (New Era 2012), lower than the eastern, central and western regions. Rural-urban variation in SBA utilization is also high (27.9 and 66.7% SBA-assisted deliveries in rural and urban areas, respectively) (New Era 2012). Our recent study in the semi-urban Health and Demographic Surveillance Site covering Jhaukhel and Duwakot determined that SBAs assisted in 93.1% of all deliveries, which is higher compared with rural areas (Choulagai et al. 2015) .
This study aimed to develop an intervention that considered barriers to SBA service utilization previously identified in our baseline survey including quantitative and qualitative studies (Choulagai et al. 2013; Onta et al. 2014) . We designed our intervention as a cluster randomized controlled trial and also tested its effectiveness in increasing SBA service utilization in mid-and far-western Nepal.
Methods

Study site and population
We selected three districts-Bajhang, Dailekh and Kanchanpurfrom mid-and far-western regions (Figure 1 ), whose SBA utilization is lower than the eastern, central and mid-western regions of Nepal (New Era 2012). The districts were purposely selected to represent the three ecological zones (i.e. mountain, hill and Terai). Compared with the national average, all three districts have lower levels of education as well as health and economic development. We previously described the study site (Choulagai et al. 2013; Onta et al. 2014) .
Key Messages
• Longer-term implementation of intervention activities yields a more visible increment of SBA service utilization.
• Community mobilization efforts proved to be successful but required supervision and support to ensure the quality of implementation.
• Improved service quality and adequate physical infrastructure of the health facilities encourage pregnant women to make the required number of ANC visits.
• Remote areas require an expanded and modified intervention package, as geographic and transport barriers compound the difficulties in accessing care.
Study participants were women who gave birth to a live baby within the 12 months immediately preceding the survey.
Study design and sampling
We designed this study as a cluster randomized controlled trial and used village development committees (VDCs) as the unit of randomization (Figure 2 ). VDCs, which are further divided into nine smaller units (i.e. wards), are the basic politicoadministrative units in each district. Together, Bajhang, Dailekh and Kanchanpur have 122 VDCs (48, 55 and 19, respectively) . With an estimated 110 births per year per VDC and a 32% proportion of SBA-assisted births, we calculated sample size by assuming unmatched clusters of approximately equal size (Bhandari et al. 2014) . We estimated the value of k-the between-cluster coefficient of variation-to be equal in the intervention and control groups. The value of k (0.25) was based on estimates of SBA utilization rate in the baseline survey and on experience drawn from previous field trials (Hayes and Bennett 1999) .
Employing the average proportion of outcome (32%) in control group clusters, we calculated that we would need 36 clusters (110 eligible women per cluster) to detect a 10% difference in SBA utilization rate with an 80% power and 5% significance level.
Using the government's MDG target for SBA-assisted births (60%), we randomized clusters from 36 of the 50 VDCs that participated in the baseline survey (Choulagai et al. 2013) , excluding 13 VDCs that exceeded 60%. To achieve even distribution (18 VDCs each) in the intervention and control groups, we also excluded one VDC with 57% SBA utilization. Finally, our study from the Bajhang, Dailekh and Kanchanpur districts included 22, 10 and 4 VDCs, respectively (Figure 3) . Prior to randomization, we discussed the intervention and selection process with stakeholders in each district. The random selection included public lottery of the study VDCs in the presence of district level stakeholders.
Intervention
Based on barriers identified in our baseline survey (Choulagai et al. 2013; Onta et al. 2014) and following discussion with international, national and district-level stakeholders, we developed a fivecomponent intervention to increase SBA service utilization. Project staff met with local actors including female community health volunteers (FCHVs), mothers' groups, health facility operation and management committees (HFOMCs) and youth groups to reach a consensus on the feasibility and scalability of the components and the role of different actors. The five components included:
1. Increased family support to pregnant women for childbirth in a health facility. Local and locally trained FCHVs and mothers' groups held regular meetings and discussions about promoting family support for pregnant women for seeking childbirth in a health facility. FCHVs also discussed the importance of skilled birth care during home visits and mothers' group meetings in their respective VDCs. Further, the FCHVs encouraged mothers' group members to invite their family to regularly attend meetings that discussed the importance of SBA assistance and to support pregnant women in reaching a health facility. Mothers' groups also informed families about emergency funds and transport arrangements (described below). 2. Financial assistance for women and families who seek SBAassisted childbirth. This component mobilized existing funds to help pregnant women reach health facilities for childbirth. In Nepal, most mothers' groups have funds to help pay for members' needs. We held discussions with HFOMC, FCHVs, and mothers' groups to arrange financial support to women for covering the cost of transport. The mothers' groups agreed to grant interest-free loans to pregnant woman to enable them to reach health facility for childbirth. The women paid back their loan to the mothers' group after receiving transport incentive from respective health facility. Our project donated NRP 2200 to each mothers' group in the intervention VDCs. 3. Transport to a health facility for childbirth. Youth groups received a 1-day orientation on the intervention component and their role in it. The youth groups prepared a list of potential contacts who agreed to transport pregnant women. If vehicles were unavailable, youths would arrange porters or transport the woman themselves to the nearest available vehicle. Our project donated NRP 2000 for each group in the intervention VDCs. 4. Women-friendly environment at health facilities. In the intervention VDCs, all health facility staff participated in a 2-day training on communication skills, focusing on developing friendly behaviour and a supportive attitude towards women and their families.
5. SBA security. Consultations with HFOMC, mothers' groups, and youth groups helped improve SBA security. SBAs were accompanied to nighttime births by a youth group member, FCHVs, or family member.
Implementation of intervention
To develop a work and human resource mobilization plan as well as training manuals, we recruited a research coordinator in each of the three study districts and a research assistant in each intervention VDC during November 2012-April 2013. Monthly reports of service utilization and implementation progress were discussed with the health facility staff and local HFOMCs and also with the focal person from the district health office. Including training and orientation activities, the intervention was implemented during May 2013-April 2014.
Data collection and field supervision
To assess the effectiveness of the intervention, 40 enumerators and 4 supervisors attended a 4-day training and collected data using specially designed field manuals. We conducted a post-intervention survey to compare our results with the baseline findings and determine the effectiveness of the intervention. We divided the enumerators in two groups (20 per group). Due to difficult topography and extended travel time in the mountainous Bajhang district, enumerators and two supervisors collected data there. Group 2, which included enumerators and two supervisors, covered Dailekh and Kanchanpur. Two authors (BPC and NS) supervised field data collection and met with the enumerators and supervisors.
Data were collected during May-June 2014 using a structured questionnaire to interview all women in the study VDCs who had delivered a baby the 12 months immediately preceding the survey. The enumerators visited each household of the study VDCs to identify eligible women. The questionnaire covered socioeconomic information, utilization of maternal and newborn health services and women's knowledge of the danger signs of pregnancy and delivery. Women were considered as having knowledge of danger signs if they could state at least one of the danger signs among premature labour, prolonged labour, breech delivery, cord prolapse, postpartum haemorrhage, maternal injuries, severe headache, convulsion, high fever, foul-smelling discharge and no movement of the baby in the womb. Post-intervention data collection employed the same procedures used in the baseline survey (Choulagai et al. 2013) . Among 4303 identified eligible mothers, 3844 participated which resulted in a response rate of 89.3%. Seven eligible women were not interviewed because they did not provide consent.
Data analysis
The primary outcome variable was skilled birth care utilization and the secondary outcome variable was ANC utilization. The background variables were age, education, ethnicity and occupation.
Our primary analysis focused on post-intervention changes in skilled birth care utilization and ANC services. Changes were estimated using Difference-in-differences (DiD) model. DID estimates were derived from a linear regression model with a repeated data set 
where y is the binary outcome of interest (1 ¼ at least one ANC visit, four or more visits, or skilled birth care utilization; 0 ¼ other); D pst is the time dummy; D Tr is the intervention group dummy; D post D Tr is the time and intervention interaction; b 3 is the estimate of DiD; x is the vector of control variables; and e is the error term. We included background variables (education, occupation, ethnicity, age of mother) in the model. Using a binary variable in an additive linear regression model gave us probabilities that were easy to interpret. Due to our large sample size, we could apply the central limit theorem to the model. DiD methods are relevant when using research designs based on controlling for confounding variables and when pre-treatment information is available (Lechner 2010) . This approach involves recognizing the intervention and evaluates the differences in results before and after the interventions for treated and untreated groups. We analysed the DiD to evaluate results between control and intervention groups at baseline and post-intervention (Khandker et al. 2010) .
Further, we performed mixed-effects logistic regression to determine the factors associated with the utilization of SBA services. VDCs functioned as a random intercept. We included background variables (education, occupation, ethnicity, age of mother), intervention time and group in the mixed-effects logistic regression model. Data were analysed in R software and statistical significance was set at P 0.05.
Ethical considerations
The authors obtained ethical approval from their institute. Our trial was registered in the International Standard Randomized Controlled Trial Number (ISRCTN) Registry with the registration number ISRCTN78892490 (http://www.isrctn.com/ISRCTN78892490).
Results
We previously described the baseline survey findings (Choulagai et al. 2013) . The post-intervention survey included 3844 women. Although we had equal number of VDCs with 18 each that were randomly allocated to intervention and control, the actual number of women we surveyed were different with 2098 (54.6%) women in the control area and 1746 (45.4%) women in the intervention area.
Sociodemographic characteristics
Nearly three-fourths (73.8%) of participants were 20-35 years of age (Table 1 ) (median age ¼ 24 years). The main ethnic groups included Brahmin/Chhetri (63.5%), Dalit (lower caste, 25.2%) and Janajati (indigenous group, 10.9%). Two in every 10 of the women were illiterate, whereas 8.4% had higher secondary education or above (Table 1) . Agriculture was the major primary occupation (60.4%). Median age at marriage and first childbirth was 17and 19 years, respectively.
Utilization of SBA services
Most of the participants, i.e. 90.8% completed at least one ANC visit and 65% completed four or more visits (Table 2) . Majority (56.7%) used skilled birth care and 51% knew at least one danger sign of pregnancy and delivery. More than three-fourths (76.5%) had to walk more than half an hour to reach the nearest health facility. Table 3 shows the results of DiD analysis of the intervention's effectiveness regarding skilled birth care and ANC visits. At baseline, both the skilled birth care and ANC utilization were higher in controls compared with the intervention group. Post-intervention, the rate of one or more ANC visits, increased significantly (4%). The proportion of SBA-assisted births increased in the intervention group by 5%, and four or more ANC visits decreased by 3.1%; however, both the changes were statistically insignificant. Table 4 shows the outcome of the mixed-effects model. As per the adjusted analysis, post-intervention women were 1.57 times more likely to use skilled birth care (95% CI 1.19-2.08) than women in the control group. There was no effect of intervention in the use of ANC services. Women in the age Group 20-35 years were 0.81 times less likely to use skilled birth care (P < 0.001) compared with women aged below 20 years. Increasing level of education associated with increased use of skilled birth care and ANC visits.
Occupation and ethnicity were not associated with the use of ANC visits or use of skilled birth care. Use of skilled birth care and ANC visits increased significantly in the post-intervention survey compared with the baseline survey. During the post-intervention, the control groups were 0.54 times less likely to use skilled birth care compared with the intervention group (Table 4) .
Discussion
Our study examined whether intervention increases women's utilization of two important components of SBA services-skilled birth care and ANC. The utilization of SBA services increased in both the intervention and control areas of our study. In the intervention area, the utilization of skilled birth care and at least one ANC visit increased from 30.4 and 83.4% at baseline to 56.5 and 92.4% postintervention, respectively. Similarly, in the control area, the utilization of skilled birth care and at least one ANC visit increased from 35.9 and 84.4% at baseline to 57.0 and 89.4% at post-intervention. At the national level the use of skilled birth care increased from 9 in 1996 to 36% in 2011 (New Era 1996 . Such increment could be attributed to Nepal Government's policies and programs that include Safe Motherhood Policy (Family Health Division 1998) We used DiD to measure the effect of the intervention and analysed associated factors with regression analyses. Although both intervention and control areas showed increased levels of skilled birth care, the increases were incremental in the intervention area (5 and 4%, respectively). In DiD analysis, the increase in at least one ANC visit was significant but the changes in use of four or more ANC visits and skilled birth care were not. The mixed-effects logistic regression analysis, using VDCs as random intercepts, showed that our intervention was positively associated with increased use of skilled birth care (OR ¼ 1.57; 95% CI 1.19-2.08).
The incremental increase in initial ANC visits might result from awareness-raising activities in FCHV-facilitated mothers' group meetings. Further, the absence of incremental increases in four or more ANC visits could relate to distance from a health facility, poor road conditions and limited means of transport (Choulagai et al. 2013; Karkee et al. 2013; Onta et al. 2014) . Another study in Nepal reported that women are more likely to attend four or more ANC visits when the availability of medical equipment, rooms, and skilled providers is adequate (Karkee et al. 2014) . Conversely, the inadequate number of ANC visits may result from women's perception that ANC services were not useful to them or of low quality. In the context of recently revised guidelines by the WHO on ANC for a positive pregnancy experience (WHO 2016), more efforts are required in Nepal for achieving the recommended eight ANC contacts.
The baseline survey revealed key barriers, including distance to a health facility, inadequate transport, lower educational level, low economic status, and inadequate knowledge about the danger signs of pregnancy and childbirth (Choulagai et al. 2013) . Perceived barriers included insufficient awareness of the importance of SBAs, families' inability to predict delivery date, delayed payment of transport incentives, inadequate human resources in peripheral health facilities, quality of service and SBA security issues, especially at night (Onta et al. 2014) . Other studies conducted in Nepal, Bangladesh and Afghanistan report similar barriers (Edmonds et al. 2012; Mayhew et al. 2008; Shrestha et al. 2012) .
Aiming to ensure the feasibility of expanding successful interventions and thus increasing SBA utilization into other areas, we consulted with stakeholders (e.g. the Ministry of Health and Population and District Health Office) in national and district level workshops before selecting the five intervention components. The intervention focused on utilizing the existing health infrastructure and community structures-HFOMC, mothers' groups and youth groups-rather than establishing new structures or initiating additional programs. Moreover, the intervention aimed to address preidentified barriers: lack of family support for helping pregnant women reach a childbirth facility, inability to pay for transport costs to reach health facility to avail SBA services, unavailability of transport to a childbirth facility, lack of a women-friendly environment in health facilities and issues related to SBA security. Attaining SDG targets will require the expansion of health interventions.
Cluster RCT is an appropriate design for community-based interventions (Bhandari et al. 2003; Manandhar et al. 2004; Penny et al. 2005; Aboud and Akhter 2011) . Indeed, Cluster RCT is considered the strongest design in health research when allocation of identifiable groups is necessary (Murray et al. 2004) . According to the 'CONSORT 2010 statements: extension to cluster randomized trials' Cluster RCTs are preferable when there is threat of unintentional spill-over of intervention effects from one treatment group to another (contamination) (Campbell et al. 2012) . Our use of a community-based intervention and health facility staff made Cluster RCT feasible and appropriate to prevent such contamination.
We faced some challenges during the implementation of the intervention components. Regarding increasing family support for giving birth at a health facility (component 1), FCHV-facilitated mothers' group meetings were delayed during the harvesting season and major festivals. Regarding the financial assistance from the mothers' group fund (component 2), our monitoring records show variable use with 20% of women utilizing such assistance in Dailekh district and 6% each in Bajhang and Kanchanpur districts.
Youth group mobilization (component 3) was also a challengethe importance of youth participation did not meet our expectations. Instead, neighbourhood women provided transport in twothirds of all cases in the hill and mountain districts. In Kanchanpur, a Terai district, youths helped transport only about one out of six pregnant women. Youths' frequent mobility mainly for employment and education interfered with their contribution. Although no security issues arose during the study period (component 5), some SBAs favoured the idea of better accommodations close to the health facility.
Strengths and limitations
The strength of this five-component intervention was its rootedness in an extensive baseline survey that involved both quantitative and qualitative approaches. For scalability and sustainability of the intervention, we ensured that the components added few financial and structural demands on the existing health system. Another strength of this trial is the randomized allocation of adequate number of clusters into intervention and control groups.
Limitations included simultaneous implementation of all five components during the 1-year intervention period, thus precluding an effectiveness assessment of individual components. Although the baseline survey identified distance to the health facility and inadequate transport as important barriers, the intervention could not address distance barrier. However, transport arrangements developed during the intervention optimally utilized pre-existing transport and mobilized community groups to bring pregnant women to the health facility. Moreover, although identified barriers included several supply-side factors (e.g. insufficient human resources, inadequate capacity and motivation of health workers, inadequate infrastructure and supply logistics at health facilities and issues related to the quality of services provided), the components of our study mostly addressed demand-side issue. Although our intervention included components on promoting a women-friendly environment at health facilities and improving security issues of the SBAs, it did not address other supply-side aspects.
Conclusions
Our 1-year intervention was effective in increasing the use of skilled birth care services; however, the intervention had no effect on the utilization of ANC services. Expanding the intervention with some modifications, e.g. mobilizing more active and stable community groups, adding service-side interventions to address issues related to human resources and quality of services as well as longer or repeated interventions will help achieve greater effect in increasing the utilization of SBA.
Lessons learned
Youth group mobilization was less effective than expected in overcoming barriers related to transport arrangement and SBA security. Regular participation by pregnant women in mothers' group meetings is crucial to effective intervention. Poor families could not afford transport because the government's incentive was not always enough to cover the cost. Many barriers to SBA services relate to both supply-and demand-side supports, better road and improved transport services. Retention of SBAs would help enhance service utilization. Because outcome includes components of behaviour change, a longer intervention, or repeated interventions, could yield greater impact.
